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(54) Fusible link circuit including a preview feature 

(57) A fusible link circuit including a preview feature 
and a method tor programming or calibrating therefore. 
The fusible link circuit includes a fusible link, including a 
threshold above which the fusible link win ba forced to 
an open condition with the application of a threshold 
condition applied thereto and a circuit coupled to the 
fusible link, inducing an input and an output generating 
an output signal on the output in response to a signal 
being applied 10 the input wherein the output signal pro- 
vides an output state which simulates the open condi- 
tion of the fusfole link as a preview feature. The fUskle 
link circuit includes the preview feature so that the out- 
put of any circuit, which must be calibrated, pro- 
grammed, or have its output set to a predetermined 
value, can be simulated or previewed to determine 
whether the correct output is obtainable without destroy- 
ing the fusible links. 
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Description 

[0001 1 This Invention relates generally a circuit includ- 
ing a fuse programmable output and more particularly 
t a fusible link circuit including a fuse programmable 5 
output with a preview feature. 

[0002] Inkjet printers eject ink onto a print medium 
such as paper in controlled patterns of closely spaced 
dots. To form color images, multiple ink jet printheads 
are used, with each head being supplied with ink of a 10 
different color from an associated ink container. The 
printing system may be incorporated in either a carriage 
type printer or a pagewidth type printer. A carriage type 
printer, such as the type disclosed, for example, in US. 
Patents 4,571,599 and Re. 32,572, generally include a is 
relatively small printhead containing ink channels and 
nozzles. The printhead is usually sealingly attached to 
an ink supply container and the combined printhead 
( and container form a cartridge assembly which is recip- 
rocated to print one swath of information at a time on a 20 
stationary held recoiling medium, such as paper. After 
the swath is printed, the paper is stepped a distance 
qual to the height of the printed swath, so that the next 
printed swath will be contiguous therewith. The proce- 
dure is repeated until the entire page is printed. The 25 
pagewidth printer has a stationary printhead having a 
length equal to or greater than the width of the paper. 
The paper is continually moved past the pagewidth 
printhead in a direction normal to the printhead length at 
a constant speed during the printing process. An exam- 30 
pie of a pagewidth printer is found in US. Patent 
5,221,397. 

[0003] A known problem with thermal ink jet printers is 
the degradation in the output print quality due to a 
change in the volume of ink ejected at the printhead os 
nozzles resulting from fluctuations of printhead temper- 
atures* These temperatures produce variations in the 
. size of the ejected drops which result in the degraded 
(_ rim quality. The size of ejected drops varies with print- 
head temperature because two properties that control 40 
the size of the drops vary with printhead temperature: 
th viscosity of the ink and the amount of ink vaporized 
by a firing resistor when driven with a printing pulse, 
Printhead temperature fluctuations commonly occur at 
printer startup, during changes in ambient temperature, 45 
and when the printer oulput varies. 
[0004] When printing text, gray scale images, and/or 
color images the darkness, contrast and color rendition 
may vary with printhead temperature To print text, 
graphics, or images of the highest quality, the printhead so 
temperature must remain constant In addition, not only 
must the printhead temperature remain constant each 
of the printheads, either within a single printing machine 
or among a variety of machines must print consistently 
from printhead to printhead so that the printed output of 55 
such machines remains consistent. Consequently, the 
calibration of the temperature sensors among the vari- 
ous printhead must be performed. 



[0005] Various printhead temperature controlling sys- 
tems and methods are known In the prior art for sensing 
printhead temperature and using sensed temperature 
signals to compensate for temperature fluctuations or 
increases. Likewise, fuse programmable circuits and 
fusible Jinks are also known. 

[0006] In U.S. Patent No 4,551 ,685 to Kerns, Jr. et al. f 
a programmable gain feedback amplifier is described. A 
decoding and programming circuit for receiving an input 
programming command signal is used to selectively 
btaw, or open, the proper fuses to establish a desired 
signal attenuation in a descrfoed network. After pro- 
gramming, the gain of the amplifier circuit which is 
related to the total attenuation of the network, is perma- 
nently set, and does not require the programming signal 
to be continuously applied. 

[0007] U.S. Patent 5.075.690 to Kneezel discloses an 
analog temperature sensor tor an ink jet printhead 
which achieves a more accurate response by forming 
the thermistor on the printhead substrate and of the 
same polysUlcon material as the resistors which are 
heated to expel droplets from the printhead nozzles. 
[0008] US. Patent No. 5,337,823 to Ashizawa 
describes a fuse^programmable control circuit Including 
a master control circuit with a first fusible link that con- 
trols the feeding of power to a fuse-programmable 
memory. If output of signals from the fuse-programma- 
ble memory is not required, the first fusfole link is cut If 
output of signals from the fuse-programmable memory 
is required, the first fusible Dnk is left uncut and the fuse- 
programmable memory is programmed by cutting one 
fusible Dnk in each of a number of pairs of fusible links. 
[0009] In accordance with one aspect of the present 
invention, there is provided a fosble link circuit including 
a preview feature. The fusible link circuit includes a fusi- 
ble fink, including a threshold above which the fusible 
link will be forced to an open condition with the applica- 
tion of a threshold condition applied thereto, and a cir- 
cuit coupled to the fusible Jink, including an input and 
an output generating an output signal on the output in 
response to a signal being applied to the input, wherein 
the output signal provides an output state which non- 
destructrvely simulates the open condition of the fusible 
link as a preview feature 

[0010] Pursuant to another aspect of the present 
invention, there is provided a fusible link circuit inching 
a preview feature, a resistive device, inducting a first ter- 
minal, a transistor, including a second terminal coupled 
to the ftrst terminal, an input terminal, coupled to the 
resistive device and to the transistor, to receive an Input 
signal, and an output terminal, coupled to the resistive 
device and to the transistor, generating an oulput signal 
in response to the input signal, the output signal includ- 
ing an output state which non-destructively simulates an 
op n condition of the fusible Jink circuit as a preview fea- 
ture. 

[001 1] In accordance with still another aspect of the 
invention, there is provided a fusible link circuit including 
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a preview feature for simulating one or more open fusi- 
ble links, inducting a plurality of input terminals, each of 
the plurality of input terminals respectively to receive a 
first input signal or a second input signal, a plurality of 
fusible links, each of the plurafity of fusWe links respec- 
tively coupled to the plurality of input terminals, each 
respectively including a threshold above which the fusi- 
ble link will be forced to an open condition with me appli- 
cation of the first input signal applied through the 
respectively associated plurality erf Input terminals, and 
a plurality of output terminals, each of the plurality of 
output terminals being coupled to the plurality of fusWe 
links, each of the plurality of output terminals transmit- 
ting an output signal including an output state which 
simulates the open condition of the respectively associ- 
ated fusible link as a preview feature of one or more of 
the open fusible links. 

10012} Pursuant to another aspect of the present 
invention, there is provided a method of programming 
an electronic circuit, including an output terminal trans- 
mitting a desired output signal thereon, the electronic 
circuit including a fusible link circuit, including an input 
terminal and a fusfcla link, comprising the steps of 
applying an input signal to the input terminal, examining 
an output signal, generated in response to the applied 
input signal, at the output terminal, comparing the 
examined output signal to the desired output signal to 
determine whether the examined output signal corre- 
sponds to desired output signal, and applying a forcing 
signal to the input terminal to force the fusible fink to an 
open condition if the comparing step indicates that the 
examined output signal corresponds to the desired out- 
put signal. 

Fig. 1 fllustrates an electrical block diagram show- 
ing circuitry for sensing changes in printhead tem- 
perature including a programmable fusible link 
circuit of the present invention. 

Fig. 2 illustrates a tusWe link circuit of the prior art 

Fig. 3 illustrates a fusible link circuit of the present 
invention. 

Fig. 4 illustrates the fusible link circuit of Fig. 3 
wherein the fusible link has been forced to an open 
condition. 

Fig. 5 illustrates another embodiment of the fustole 
link circuit of the present invention. 

Fig. 6 aiustrates another embodiment of the fusible 
link circuit of the present invention. 

Fig. 7 llustrates a temperature controlled oscillator 
incorporating a plurality of fusible link circuits of the 
present invention. 



Rg. 8 illustrates a f towchart of a programming oper- 
ation for the fusible link circuit and programmable 
temperature sensing device of the present inven- 
tion 

5 

Rg, 9 illustrates an alternate embodiment of Fig. 1 
wherein ail temperature sensing circuits are formed 
on a single integrated circuit chip on the printhead. 

to [001 3] While the present invention wiU be described in 
connection wHh a preferred embodiment thereof, it wilt 
be understood that it is not intended to Omit thB Inven- 
tion to that embodiment On the contrary, it is intended 
to cover all alternatives, modifications, and equivalents 

is that may be derived from the invention as defined by the 
appended claims. 

[0014) Referring now to Fig. 1 , there is shown a sim- 
plified block diagram of a portion of a thermal ink jet 
printer that employs a fusible link circuit and tempera- 
te ture sensing techniques of the invention. The invention 
can be used in a printer of the type disclosed in U.S. 
Patent No 4,330,702 and Be. 32,572, modified accord- 
ing to the principles of the invention is deserved below. 
A controller 10 receives input image data signals from 
ss an image data source such as a computer (not shown). 
The controller processes the print data in a data conver- 
sion circuit to provide print control information to a print* 
head 12. Controller 10 conventionally comprises a CPU, 
a ROM 1 4 for Storing programs and a RAM. The control- 
so ler, besides performing the temperature sensing and 
correction functions described below, also controls 
operation of the print carriage on which printhead 1 2 is 
mounted, the movement of the recording medium as 
well as system timing functions. 
35 [0015] Controller l 0 sends heater resistor drive pulses 
and power level signals to driver circuitry 16 which can 
be formed on the printhead 12 substrate as shown or 
can alternatively be in the controller. Driver 16 com- 
prises a plurality of driver transistors for applying the 
ao drive signals to associated resistor heaters 18. Driver 
16 also includes a plurality of power transistors to con- 
trol the power level of the drive signals applied to the 
resistor heaters. It is understood that the drive and 
power teveJ signals could be applied directly from con- 
45 tf oiler 1 o via flexible electric wire cables, as is conven- 
tional in the art 

[0016] .As a print operation is initiated, a scanning car- 
riage carrying printhead 1 2 is moved back and forth in a 
scan path with ink being ejected through printhead noz- 

so ztes when associated resistor heaters are pulsed by sig- 
nals from driver circuitry 16, As print operation 
continues, the temperature of printhead 1 2 may begin to 
rise affecting the volume of ink being expelled from the 
nozzles and resulting in increased spot sfee ol the ink 

6$ ejected onto the recording sheet A temperature control- 
led oscillator 20 is located oh the printhead 12 substrate 
in a location which experiences the temperature varia- 
tions of the printhead. Oscillator 20 is enabled by a func- 
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tion dear (FCLR) signal from controller 10 and begins to 
generate a train of output pulses whose frequency is 
temperature dependent. It can also include a free-run- 
ning, i.e. non-gated clock. 

[001 7] Referring to Fig. 1 , the oscillator 20 produces a 
periodic signal, for instance including rectangular, trian- 
gular, or sinusoidal waveforms, during the time that 
FCLR is maintained high. These output pulses, of a reJ- 
atively high amplitude of 3 - 5 V. are sent to a counter 
22. The counter 22 need not be located at the print- 
head, but can be located elsewhere, for instance, at the 
controller 10. The counter is enabled by a start signal 
from a sequencer (state machine) in controller 10 as 
applied through a synchronizer circuit 24. The function 
of the synchroniser circuit to synchronize the timing 
operation and prevent the counter from metastasizing. 
During the start and stop periods, counter 22 accumu- 
lates (counts) the number of pulses occurring during the 
predetermined period initiated by the start signal and 
terminated by a slop signal. The contents of counter 22 
are clocked out as N(T} in read control k>gic circuit 26. 
The dgital output of read/control circuit is a direct binary 
representation of the printhead temperature. Further 
description of the oscillator may be found in US. Patent 
Application Serial No 08/570,024, allowed August 19. 
1997, 

[0018] The frequency and period of the TCO varies 
with the temperature (as the TCO name suggests) of 
the sensing elements integrated in thai circuit kn order 
for the electronics subsystem (ESS) in an IOT to adjust 
the proper energy applied to a given TU die module for 
a given temperature, it assumes that the temperature of 
that die is represented by the same analog quantity 
(TCO period) in every instance. For exanple, the ESS 
measuring the output period of the integrated TCO at 
£50 rrs may consult a lookup table to determine a die 
module temperature of 35°C. tf the TCO period meas- 
^ ' ires 600 ns, another consultation of the lookup table 
■ may reveal a die module temperature of 25°C. 
[001 9] The digital temperature signal or a digital word 
or byte, representing printhead temperature, is sent to 
ROM 14. ROM 14 i$ loaded with look-up tables which 
correspond to the temperature sensitive characteristics 
for resistor heater 18. Processor 10 reads the digital 
word representative of the sensed printhead tempera- 
tur and "looks up* the suitable combination of pulse 
duration and power level to be applied to driver circuitry 
16 to compensate for the effects of the temperatire 
change. Further details of loading of ROM 14 are found 
in U.S. 5,223.853. referenced supra. 
[0020] According to one feature of the invention, the 
sensing period can be any time during print operation, 
even during a print swath, and "rs not limited to genera- 
tion of ternperature control signals only at the end of a 
print swath. 

[0021] As further illustrated in Fig. 1 , a fustole link cir- 
cuit 30 is illustrated and is el ctrically coupled to the 
temperature controlled oscillator. As described, the tem- 



perature controlled oscillator generates a periodic sig- 
nal whose frequency is temperature dependent The 
output of the temperature controlled oscillator, however, 
can vary due to variations in manufacturing processes 
$ used to form the temperature controlled oscillator 20 on 
the printhead. Consequently, the fusible link circuit is 
used to adjust the original output of the temperature 
controlled oscillator so that the adjusted temperature 
controlled oscillator accurately provides an output which 
to is related to the temperature sensors of the temperature 
controlled oscidator. Consequently, by including a fusi- 
ble link circuit m the temperature controlled oscillator, 
the output can be adjusted such that the output values 
thereof are consistent from printdie to printdie, print- 
is head to printhead and from printer to printer. 

[0022] To adjust the output value of the temperature 
controlled oscillator 20. the fusfole link circuit includes a 
plurality of inputs 32 which receive input signals for 
adjusting the output signal f(T). One example of a prior 
do art fusible link cfrcuil is illustrated in Fig. 2_ The prior art 
fusible Jink circuit includes a blow input 34 which is cou- 
pled to a fusible element 36 which includes one end 
thereof coupled to a ground and the other end thereof 
attached to a buffer 38. the output of which rs a buffer 
35 logic output 40. A resistor 41 is coupled between a volt- 
age supply and the input to the buffer 38- In this cir- 
cuit, when an Input signal is input to the blow input 34 
and includes a sufficient amount of power, the fusible 
element 36 is blown or forced to an open condition. In 
30 response thereto, the logic output at the output 40 is 
established at a supply voltage V a . If, however, the fusi- 
ble element 36 is left intact, then the buffer logic output 
40 is driven low due to the connection to ground. 
[0023] in this type of prior art circuit, the output signal 
35 present on the buffer logic output 40 is entirely depend- 
ent on the state of the fusible link 36 without regard to 
an input signal to the input 34. For instance, if a signal 
applied to the blow input 34 is insufficient to force the 
fusible element 36 to an open condition, then the output ) 
40 on the buffer logic output 40 would be a vaiue of approx- 
imately zero. If. however, the buffered logic output 40 is 
to be driven to a high level, dependent upon the supply 
voltage V^, then the fusible element 36 will be forced to 
an open condition by the input signal at the blow input 
45 34. Consequently, the prior art fusible link circuits suffer 
from the fact that the output of such circuits is totally 
dependent upon the state of the fusible element 36. In 
such configurations, simulating a blown fusible element 
is not possible since the output level at output 40 is 
so totally dependent on the physical stale of the fusible 
link. Consequently, if after destroying the fusible ele- 
ment 36, H is found that the fusible element should not 
have been forced to an open condition, it is impossible 
to repair the fusible element, particularly in an irtte- 
55 grated circuit, to achieve the previous state. 

[0024] Fig. 3 illustrates one embodiment of the 
present invention. A fusibl link circuit 42 is illustrated 
which includes a preview feature to allow for the Simula- 
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tion of the stal of a fusible link 44. which corresponds 
to either an open condition or an intact state, by using 
.normal" input Jogic voltage levels. The fusible link cir- 
cuit 42 includes a resistive device, such as a first field 
effect transistor 46, and a switching device such as a 
second field effect transistor 46 each of which have 
respective gates 50 and 52 coupled together and to a 
supply voltage V cc . The resistive device can include a 
resistor having a resistance as well as the transistor 46 
as illustrated- An Input terminal 54 receives an input sig- 
nal which is transmitted to a common node connecting 
the first transistor 46 to the second transistor 46 through 
th& fuse 44. A buffer 56 is coupled to th© node 55 and 
provides a buffering or isolating function between the 
input 54 and an output 58, 

[0025] As illustrated in Fig, 3, the two transistors 46 
and 48 act as a resistive divider with respective on- 
resistances or resistances/on-resistances selected 

( such that the bottom leg of the circuit including the fusi- 
' ble link 44 arid the transistor 46 is less resistive than the 
upper leg including the transistor 46. In one embodi- 
ment, the transistor 46 is to be five times more resistive 
than transistor 46. If a resistor is used the ratio would 
remain the same. Consequently, a source terminal 60. 
coupled to the output buffer 56, is at a low enough volt- 
age so that the buffered output at the output 58 is set to 
a logic ..zero" state when no input is appDed to the input 
54, This state corresponds to the situation when the 
fusible link is left intact lf r however, an input signal Is 
applied to the input pad 54 and incudes a significantly 
high voftage level, then the buffered output signal at the 
output 58 is forced to a logic "one" which corresponds to 
the fusible link 44 being forced to an open condition. 
The circuit is designed such that at "normal* voftage lev- 
els, (approximately 3.0 to 5.0 V» for example, in nominal 
5 V TTL and CMOS logic circuits), the integrity and reli- 
ability of the circuit elements are not compromised. To 
force the output to a logic zero level, the inpui signal 

( , applied to the input 64 can be either left floating, as pre- 
viously described, or a low logic voltage level can be 
applied to guaranty an output voltage level of 2era 
[0026] The output terminal 56 of the present embodi- 
ment is coupled to the TCO circuit 20 of Fig. 1 such that 
a blown state or an intact state of the fusible fink 44 can 
be simulated by applying an input signal of the 
described levels to the input 54. Consequently, the 
present invention is capable of non-destructively simu- 
lating either blown or intact states of one or more fusible 

lements of an electronic circuit 
[0027] Such fusible (inks, however, are not limited to 
the appBcation of the temperature controlled oscillator 
20 but are also applicable to a variety of known circuits 
including integrated circuits. Functions such as logic 
network synthesis in ASICs, encoding or inscription of 
serial numbers, passwords, or electronic "combination 
lock" data, and storag of performance data in a product 
measured prior to reaching an end user. In such known 
circuits, whether or not a given fusible link is to be forced 



to an open condition or left intact is typically determined 
independently of the fuse element itself. For example. In 
programmable logic devices, a synthesized logjc net- 
work is realized by blowing or forcing to an open condi- 

s tion the required fuses based on algorithms generated 
by a compiler. A serial number is a known digital quan- 
tity which is encoded into a device. A device's measured 
output power can be represented by a digital quantity 
encoded in a plurality of fusible elements. In these 

10 cases, the typical configuration of a fusfcrfe link drcuit is 
described by a fuse element located between a ground 
node and a "blow" node as shown in the prior art illus- 
tration of Fig. 2. In these configurations, simulating a 
blown fuse is not possible since "normal" logic voltage 

75 applied to the input would destroy the fuse element. 
[0028] The present invention, however, provides for 
the observation of a measurement or changes in a cir- 
cuit's behavior by simulating either blown or intact fuses 
by applying high or low input logic levels at normal voft- 

so age levels for each of the different combinations of 
fuses. The measured values of the circuit's behavior 
over the combinations of the simulated fuse states can 
then be compared to a predetermined reference value. 
The combination of blown and intact fuses associated 

2S most closely with the desired reference output signal 
can be permanently written or programmed into a circuit 
by applying a voltage Input level in excess of normal 
logic voltages, sufficient to destroy the fusible element 
or elements associates with the desired blown states 

90 but tow enough as not to damage the other remaining 
circuit elements. 

[0029] Once it has b a en determined as to which of the 
desired output states are to be generated at the output 
58, to correspond to an open or blown fusible link 44, a 

35 voltage sufficient in amplitude and duration to destroy 
the fustole element 44 is applied to the input 54, This 
input signal should include an amplitude which Is low 
enough so as not to damage the upper transistor 46. in 
the case of a transistor, and the input to buffer 56 or the 

40 output buffer 56. The lower transistor 48 enters an ava- 
lanche breakdown mode causing an effective short cir- 
cuit which in turn destroys the fusible link. Trie voltage 
applied to the drain vie the node 54 should include a 
sufficiently high current to melt or to force open the fusi- 

4$ ble element 44, which is illustrated in Fig. 4. since the 
fusible element has been destroyed by a sufficiently 
Ngh input amplitude signal. It has been found that a 
Input signal of approximately 13 - 15 V is sufficient to 
open or to destroy the fusible link without damaging 

so other components. 

[0030] Rg. 5 illustrates another embodiment of the 
present invention with the location of individual transis- 
tors changed so that an input signal of 5 V applied to the 
input generates an output of a logic one for the pur- 

6$ poses of simulating a blown fusible link. The numbering 
remains the same as in Figs. 3 and 4 since ihe compo- 
nents are tie same, but the location of each of the tran- 
sistors as well as of the fusible fink has been changed 
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as illustrated- The transistor 46, as before, has its 
trarrsconductance selected to be five times the 
transconductance of the transistor 48. To achieve me 
non-destructive simulation of output states, an input sig- 
nal of zero volts would generate an output of a logic 
zero- The fusible link is forced to an open condition 
when a voltage of negative 10 V or less is applied to the 
input. Consequently, when the fuse is intact and the 
input is left floating, the output fs a logic zero and when 
the fuse Is blown and the Input is left floating, the output 
is a logic one. 

[0031] While the embodiments of Figs. 3, 4, and 5 
include NMOS transistors. Fig. 6 illustrates another 
embodiment of the present invention which includes 
PMOS transistors. As illustrated, a ground connection is 
made respectively to a gate 66 of a first transistor 68 
and a gate 70 of a second transistor 72. An Input term!* 
(~ nal 74 is coupled to a common node 76 which is con- 
nected to a buffer 78 having an output connected to an 
output terminal 80. A fusible link 82 is coupled between 
the transistor 68 and the node 76. As with the embodi- 
ment of Fig. 4, a sufficiently high input voltage level can 
be applied to the input terminal 74 to force the fusible 
link 82 to an open condition. 

{0032] Fig. 7 illustrates a tunable temperature control- 
led oscillator (TCO) circuit of the present invention. The 
TCO circuit 90 is connected to a first second, third, 
fourth and fifth fusible link circuits 92. 94, 96, 98. and 
100 respectively. Each of the fusible link circuits Is 
embodied as one of the previously described fusible link 
circurts, such as in Figs. 3.5, and 6. A single accessible 
test input terminal 102, 104, 106, 108, and 110, is cou- 
pled respectively to each of the associated fusible link 
Circuits- Each of the test input terminals is coupled to 
on of the input terminals of a fusible link circuit, for 
instance, input terminal 54 of Fig. 3. Each of the fusible 
link circuits includes an output terminal 58, as prevv 
I *Hjsly described, which is coupled to the gate of an 
- associated MOS transistor 112, 114, 116, 118. and 120 
respectively. Each of the MOS transistors 112, 114, 
1 16. 118 and 120 is respectively coupled to an associ- 
ated capacitor 122, 124, 126, 128. and 130. These five 
capacitors are also coupled to an input 1 32 of a Schmitt 
trigger 184. An output signal on a Schmitt trigger output 
1 36 2$ determined, at least in part, by the present or 
absent state of each of the capacitors 122. 124, 126, 
128. and 130, the state of which is determined by the 
simulated or actual state of the fusible Dnk circuit of 
each of the respectively associated fusible link circurts 
92,94, 96, 98, and 100.. 

[0033] As previously described with respect to the 
fusible link circurts of Figs. 3. 5. and 9. the output thereof 
can be determined by either the application of an input 
signal to the input to simulate a fusible link which is 
either forced to an open conditi n or which Is intact or 
the output thereof can be established permanently by 
applying a voltage lev I to the respective inputs as pre- 
viously described. 
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(0034] The TCO circuit is tuned according to a prede- 
termined reference value which is compared to an out- 
put signal at an output 140. The TCO circuK includes a 
first temperature sensing resistor 142 coupled between 
s a voltage supply V cc and the input 132 of the Schmitt 
trigger 134 and a second sensing resistor 144 which is 
coupled to an input 146 of a second Schmitt trigger 148 
which receives an output from output 136 through NOT 
gate 147 and transistor 149. The second Schmitt trigger 
10 148. in this embodiment includes a capacitor 150 cou- 
pled between the input 1 46 and ground and an NMOS 
transistor 152 also coupled between the input 146 and 
ground. A divider circuit 154 includes an output 156 
coupled to an NMOS transistor 158 which is used to 
? 5 establish the frequency at the output 140 by dividing the 
internal circuft frequency by two utilizing the illustrated 
NOR gates, an inverter and a counter, also known a? a 
flip-flop or a decimal 2 counter, 

[0035] While the circuit 90 & designed to generate a 

so signal at the output 140 including a predetermined fre- 
quency which is Indicative of the sensed temperatures, 
due to the variations of integrated circuit fabrication, the 
output 1 40 must be determined and tuned, if necessary, 
with respect to the predetermined reference signal. 

2$ Conseojjently, the output 140 may be adjusted, if nec- 
essary, by applying five Input signals simultaneously 10 
the inputs of the fusible link circuits and then varying the 
logic state of each of the inputs such that a range of out- 
puts can be generated which are then compared to the 

so predetermined value at the output 140. 

[0036] As illustrated in Fig. 8, a flow chart for estab- 
lishing the operating characteristics of a circuit including 
fusible Dnks begins with determining a desired output 
signal at step 160. At step 162, one or more input sig- 

as nals are applied to the fusible link circuit whfch, as 
described, can include each of the fusible link circuits 
92. 94. 96, 98, and 1 DO, If for instance, no Signal or a low 
level signal is applied to the input 1 02 then the output at 
the fusible link circuit 92 would be a logic "0* output level, 

to since the transistor 48 of Fig. 3 is conducts more 
strongly than transistor 60 of Fig. 3 due to the designed 
ratio between the two transistors. The transistor 1 12 is 
then left off, and the capacitor 122 is electrically absent 
In the input circuit to the Schmitt trigger 1 34. If. however, 

4S the input signal at the input 1 02 is sufficiently high, then 
the state of transistor 48 at Fig. 3 is inconsequential as 
the overriding input signal sets the output to a logic 'V, 
thereby turning on transistor 112, The capacitor 122 is 
electrically present in the Input circuit to the Schmitt trig* 

so ger 134. 

[0037] Since the outputs of each of the fusible link cir- 
cuits can be simulated by applying inputs thereto, a sig- 
nal is applied to each of the inputs and an output signal 
generated at the output 140 as examined at step 164 
55 which is ompared to the desired output signal at step 
166. If the generated output signal does not correspond 
to or match the desired output signal, then a second set 
of input signals is applied to each of the fusible link cir- 
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cults to generate a new output signal at step 168. For 
instance, the f irst set of input signals might be no input 
signals to each of the fusible link circuits. A second set 
of input signals might Include a high levef signal applied 
to only the fusible link circuit 100. In this fashion, a dif- 
ferent set of input signals are established such that the 
number of combinations of Inputs would be equal to 2 N 
where N equals the number ol input terminals, or five as 
in the described circuit 90 of Fig. 7. Once the generated 
output signal corresponds to the desired output signal 
as determined at step 166. then appropriate forcing sig- 
nals are applied to one or more of the fustole link circuits 
to program the fusible link circuits to permanently set 
the desired output stale at step 1 70. As an example, if it 
is determined that the fusible link circuit 100 is the only 
circuit among Hie five fusible link circuits which has 
been determined have its fustole link forced to an open 
condition, then a sufficiently high input signal is applied 
to the input 1 1 0 to force the f usibl e link circuit to an open 
condition. As such, the capacitor 130 is placed in the 
input circuit to the Srfimitt trigger 1 34. 
[00381 Due to variations in the many steps involved In 
the fabrication of TU heater wafers, variations in the 
native frequency of the TCOs from die-to-die, wafer-to- 
wafer, and tot-to-lot. are wide enough to require tuning, 
or calibration, of that circuit The plurality of appropri- 
ately si2ed capacitors, each linked to a "hunt and blow" 
circuit allows a near-linear tuning capability of the TCO 
period. A test device (during water probe or post-prirn- 
head cartridge assembly, for example) would cyde 
through aD 2 N sirraJated open/blown combinafions of 
the plurality of inputs to arrive at the closest match to the 
reference standard. The associated states correspond- 
ing to the correct output TOO period are then written 
into the chip as described previously. 
[0039] While the embodiments disclosed herein are 
preferred, it will be appreciated from this teaching that 
various alternative modifications, variations or improve- 
ments therein may be made by those skilled in the art 
For example, the embodiments of the invention shown 
in Rg. i discloses primhead 12 containing the circuitry 
used to implement the temperature sensing function 
(oscillator 20, counter 22. read/control 26 and synchro- 
nizer 24) formed on the printhead substrate. The look- 
up and pulse generation adjustment are accomplished 
using circuitry in the controller 10. Fig. 8 shows a print- 
head 12 modified so that an of the above -described 
functions are formed on a single integrated circuit chip 
170 on the printhead; e.g., chip 171 contains data con- 
version 172, oscillator 20. fusible link circuit 30, counter 
12, synchronizer 24, read/control 26 and BOM 14. Total 
integration of the temperature sensing function is thus 
enabled. However, pari and parcel of the circuits and 
sub-circuits may be Included on either or both the con- 
trailer (10) and printhead (12). 
[0040] While this invention has been descrfoed in con- 
junction with a specific embodiment thereof, it is evident 
that many alternatives, modifications, and variations will 



be apparent to those skilled in the art. For instance, the 
present invention is not limited to the embodiments 
shown, but is applicable to any fusible link circuit useful 
for programming or establishing the output of an elec- 

s tronic circuit. In addition, the present invention while 
being described with regards to a thermal ink jet print- 
head, is not limited thereto, as the present invention 
includes applications other than to the described tem- 
perature controlled oscillator. In addition, the present 

to invention, is not limited to an integrated circuit embodi- 
ment including the described fabricated transistors but 
can include other types of electrical circuits. Accord- 
ingly, it is intended to embrace all such alternatives, 
modifications and may be derived from the invention as 

1S defined by the appended claims. 

Claims 

1 . A fusible link circuit (42) including a preview feature, 
so comprising: 

a fusible fink (44: 82), including a threshold 
above which said fusible link (44: 82) wilt be 
forced to an open condition with the application 

2$ of a threshold concWon applied thereto; and 

a circuit coupled to said fusible link (44: 82). 
including an input (54: 74) and an output (58: 
SO), generating an output signal on said output 
(58: 80) in response to a signal being applied to 

so said input (54: 74), said output signal providing 

an output state which non-destructrve!y simu- 
lates said open condition of said fusible link 
(44: 82) as a preview feature. 

35 2. The fusible link circuit (42) of claim 1 , wherein said 
circuit (42) comprises a switching device (48; 68). 
said switching device (48: 68) being eiectricaBy 
coupled to said fusible link (44: 82). 

40 3. The fusible fink circuit (42) of claim 2, wherein said 
switching device (48: 68) comprises a transistor 
(48:68). 

4. The fusible link circuit (42) of dafm 5, comprising a 
45 resistive device (46: 72) coupled to said fusible link 

(44: 82) wherein said transistor (48: 68) and said 
resistive device (46: 72) includes a resistance dif- 
ferent than the orvresistance of said switching 
device (48: 68). 

so 

5. A fus&le link circuit (42) Including a preview feature, 
comprising: 

a resistive device (46: 72), including a f irst ter- 
55 minal. 

a transistor (48: 68), including a second termi- 
nal coupled to said first terminal, 
an input terminal (54: 74), coupled to said 
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resistive device (46: 72) and to said transistor 
(48: 68), to receive an input signal; and 
an output terminal (58: 80) , coupled to said 
resistive device (46: 72) and to said transistor 
(48: 68). generating an output signal In 
response to said input signal, said output signal 
including an output state which non-destruc- 
tiveJy simulates an open condition of said fusi- 
ble link circuit (42) as a preview feature. 

The fusible link circuit (42) of claim 5, wherein said 
transistor (48: 68) includes an on-resistance and 
said resistive device (46: 72) includes a resistance 
of different values. 

The fusible link circuit (42} of one of claims 1 to 6. 
wherein said circuit (42} comprises an integrated 
circuit (IQ. 

A method of programming an electronic circuit (20), so 
including an output terminal (140) transmitting a 
desired output signal thereon, the electronic circuit 
(20) including a fusible link circuit (42). including an 
input terminal (54: 74) and a fustole link (44: 82). 
comprising the steps of: 2$ 

applying (162) an input signal to the input ter- 
minal (54: 74); 

examining (164) an output signal, generated in 
response to the applied input signal at the out- so 
put terminal (140); 

comparing (166) the examined output signal to 
the desired output signal to determine whether 
the examined output signal corresponds to 
desired Output signal; and 
applying (1 70) a forcing signal to the input ter- 
minal (54: 74) to force tfie fusible link (44: $2) to 
an open condition if said comparing step (166) 
indicates that the examined output signal cor- 
responds to the desired output signal. *o 



9. The method of claim 8, wherein said second men- 
tioned applying step (170) comprises a forcing sig- , 
nal to the input terminal (54:74) different than the 
previously applied input signal. 45 



1 0, The method of claim 6 or 9, wherein: 



the fusible Jink circuit (42) comprises a plurality 
of (usible links (44: 82) and a plurality of input so 
terminals (54: 74) respectively coupled to the 
plurality of fusible finks (44: 82); and 
said first mentioned applying step (162) com- 
prises applying a plurality of input signals 
respectively to the plurality of input terminals 55 
(54: 74) simultaneously 
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